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This dissertation focuses on studying the modeling of curves and surfaces, geomet-
ric approximation and the application of surface modeling in the field of computer aided
geometric design (CAGD). The major contributions of this dissertation are summarized
as follows: (1) A new method of constructing curves and surfaces is presented and some
properties of relative curves and surfaces are discussed. (2) A method of approximating
circular arcs with high precision by using the quartic Bézier curves is given. (3) Apply the
theory of freeform surfaces modeling to the design of LED street light lens. The disserta-
tion is organized as follows.
In Chapter 1, some works on curves and surfaces modeling in CAGD are reviewed,
especially curves and surfaces in parametric and basis representations.
In Chapter 2, the method of constructing curves based on the Beta-binomial distribu-
tion is put forward. Firstly, construct the basis functions according to the Beta-binomial
distribution. Secondly, discuss the properties of Beta-Bézier curves. Finally, give the de
Casteljau’s recursive algorithm of the Beta-Bézier curves. This kind of basis function is
constructed by Beta function in form, but it is still polynomial function essentially. Com-
pared with the Bernstein basis function, the new basis function has a shape parameter,
which can be used to adjust the shape of curve when the control points are identified.
In Chapter 3, the basis functions for Beta-Bézier curves modeling are generalized for
surfaces modeling by using tensor product method, and they are used to construct the ten-
sor product surface, which is called the Beta-Bézier tensor product surface. The properties
of the Beta-Bezier tensor product surface are discussed, and the recursive algorithm about
this kind of surface is given. The difference from the classical Bézier product surface is
that the Beta-Bézier tensor product surface has two shape parameters respectively on the















by revising the values of these two parameters.
In Chapter 4, the basis functions for Beta-Bézier curves modeling are generalized
for triangular patches modeling by using the simplex method. These basis functions are
defined in the triangular domain, which is different from the definition in Chapter 3. The
triangular patches constructed by this kind of basis functions are called the Beta-Bézier
triangular patches. The properties and the recursive algorithm about this kind of surface
are discussed. The Beta-Bézier triangular patches also have a shape parameter.
In Chapter 5, a method of approximating circular arcs with high precision by using
quartic Bézier curves is given, and the formula of calculating the control points are given.
In the current methods of approximating circular arcs by using quartic Bézier curves, this
method has the smaller approximation error.
In Chapter 6, a practical application problem on surfacemodeling is solved. LED(Light
Emitting Diode) has many unparalleled advantages over traditional lighting sources as a
new kind of lighting source. However, owing to its illumination specialty, it needs to de-
sign freeform lens to improve lighting distribution. A good roadway illumination requires
the LED street light to have a rectangular light distribution pattern just cover the roadway
and without any light pollution out of the road. In this chapter, the optical design of the
LED street light and the calculation methodology of a freeform lens for the street light
is put forward, and the corresponding calculation software RoadLampSys is programed.
The test in practice shows that the production designed by this method can achieve the
desired lighting effects.
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